Abstract: A large-scale, high-resolution, fully coupled hydrological/reservoir/hydroelectricity 12 model is used to investigate the impacts of climate change on hydroelectricity generation and 
Introduction

30
To avoid adverse effects of climate change, significant reductions in greenhouse gas emissions 31 should be achieved. Emissions from electricity generation accounted for 31% of the U.S. greenhouse 
35
Nearly 50% of that electricity is expected to come from variable wind and solar photovoltaic 36 generation, 20% from hydroelectricity, and the rest from other renewable sources [3] . Hydropower is 37 the second largest source of electricity after fossil fuels. In 2014, 6% of total electricity generation and 38 46% of electricity generated from renewables across the U.S. was from hydropower [4] .
39
As the penetration of partially 'dispatchable' wind and solar electricity increases, maintaining 40 electric system reliability and stability becomes more challenging and costly [5] . Plants that can 41 schedule electricity generation as and when required are classified as dispatchable. Fully 42 dispatchable generation units like hydroelectricity plants that can be quickly loaded from zero to 43 their nameplate capacity make good partners for variable wind and solar generation and may be used 44 to minimize the risks and costs of integration of these renewables [6, 7] .
45
It is assumed that most of the economically exploitable hydroelectric resources in the U.S. have 46 already been developed [4, 8, 9] . As a result, while global hydroelectric generation is expected to 47 expand by 31% from 3.65 trillion kWh in 2012 to 5.57 trillion kWh in 2040, hydroelectric generation in the U.S. is expected to expand only by 7% from 0.28 trillion kWh in 2012 to 0.3 trillion kWh in 2040 49 [4] .
50
Although hydroelectricity is generally considered as clean and renewable, construction of 51 hydropower dams may be socially and politically challenging and affects ecosystems negatively by 52 altering the frequency, duration and timing of peak flows, inundation of the upstream, river 53 fragmentation, disturbing the natural sedimentation flows, and altering water temperatures [10, 11] .
54
This does not necessarily need to be the case. Energizing existing non-powered dams utilizes a 55 significant amount of potential energy that is ready to be tapped, without the need to build new dams 56 thus minimizing the adverse social, economic, political and environmental consequences of 57 increasing hydropower generation.
58
Although the average global impacts of climate change on hydropower resources are expected 59 to be relatively small [5, 12] , the operation of some hydropower stations may become financially non-60 viable in the future [13, 14] . Solely as a result of climate change, by the 2070s the hydroelectricity 61 production of existing plants in Scandinavia and northern Russia may increase by 15-30%. On the 62 other hand, decreases of 20-50% and more are expected for Portugal, Spain, Ukraine and Bulgaria 63 [15] [16] [17] . Hydropower production potential in the Kwanza River, Angola may increase by up to 10% 64 while the hydropower production potential in the Zambezi River Basin may decrease by 28% [18, 19] . the peak and low flows due to climate warming might increase energy spills from the system due to 75 limited water storage capacities and affect power generation [25] . Warmer temperatures are expected 76 to increase electricity demand for cooling in summers while decreasing the demand for heating in 77 winters. This may alter the annual hydropower pricing patterns and increase the average 78 hydropower prices under climate warming scenarios compared to current and historical climate [26] .
79
The higher electricity price may, in turn, enhance the financial viability of hydropower projects.
80
In order to make realistic quantitative predictions of regional effects of climate change on 81 hydropower resources, it is necessary to use hydrological models to analyze changes in flow 82 conditions and water levels of dams [5, 27] .
83
This study aims to provide an overview of the potential impacts of climate change on the long-
84
term prospects of hydroelectricity in the Northeast United States with a focus on the potential of non- 
129
The impact of climate change on hydropower in the region is similar to the pattern of changes 130 in water availability [22] . Increased rainfall and earlier snowmelt are expected to increase the regional 131 water availability in winter. In summer and fall combination of reduced precipitation, increased 132 potential evapotranspiration rates, a shift in spring snowmelt timing and reduced snowpack, result 133 in a decrease in water availability [22] . There will be a slight increase (up to +9%) in average electricity 
139
Most of the dams in the region have a small effective storage capacity, and their regulatory 140 effects on downstream flows are relatively small [22] . This is the primary reason for a much more 141 substantial seasonal variability in the potential hydropower from non-powered dams compared to 142 the current hydroelectricity generation which is mostly produced by larger dams (Figure 3 ).
In addition, maximum daily hydroelectricity generation in existing power plants is limited by their 145 nameplate capacity, but such a limit is not applied to hydropower potential estimates of non-powered 146 dams. The hydropower potential of these smaller dams is also more sensitive to changes in climate 147 as they have a limited capacity to regulate flow and maintain storage levels throughout a year [34] .
148
Many of the non-powered dams are located on smaller streams which are more vulnerable to climate (Table 1) .
152
The mean annual decline in hydroelectricity generation of the region is 7% for RCP 4.5 and 8%
153
for RCP 8.5 (Table 1) 
165
Hydroelectricity has a more uniform generation rate compared to the wind and solar electricity.
166
In addition to diurnal fluctuations solar and wind-generated electricity in the region has a highly 167 seasonal nature (Figure 1 ). Based on the data from past recent years, monthly hydroelectricity 168 generation in the Northeast US is always above 70% of its peak generation throughout the year [32] .
169
Although, this may change in the future. 
170
185
We are estimating 8% decrease in annual hydroelectricity generation in the Northeast U.S. based 
Hydroelectricity Module
280
P=αρQgh estimates hydropower generation from a reservoir in our model. Where P is in Watts,
281
ρ is water density (1000 kg.m -3 ), Q is flow rate (m 3 .s -1 ), g is acceleration due to gravity (9.78 m.s -2 ), and 282 h is water head of the turbine (m). α is a constant usually used to represent the efficiency of turbines.
283
In this work, we are using α as our calibration constant.
284
Flow rate (Q) is equal to release from the dam which is calculated in GROS. Water head (h) is 285 equal to water level behind the dam and is calculated as:
= .
(1) 
